The development of gull chicks is typically considered semi-precocial, because the birds remain in or near the nest for some days after hatching and depend on parental care, but hatch with downy coverings and possess some thermoregulatory ability ( The Black-legged Kittiwake (Rissu triductyla) has a circumpolar holarctic distribution, breeding in tundra, boreal, and temperate climatic zones (Voous 1960). Since the kittiwake thus breeds farther north than most other gulls, one could hypothesize that the chicks have special thermoregulatory capabilities. To test this, we studied body temperature regulation in newly hatched chicks of kittiwakes breeding at 79"N latitude.
MATERIAL AND METHODS
We conducted our study at Ny Aalesund, Svalbard (79"N, 12"w) during June and Julv 1982. Ambient temnerature during the study period ranged from 0°C to 5°C. E&s were collected from a nearby colony and placed in a temperature-controlled incubator. The incubator was kept at 37°C and 60% relative humidity. After hatching, the chicks were allowed to dry before being used in experiments. The mean body weight of the chicks was 33.3 g (SD = 2.0 g, n = 11).
Oxygen consumption (V,*) was measured by a manometric respirometer, which was connected to a compensatory chamber by a water-filled V-shaped tube. A 25% NaOH solution acted as CO,-absorber in the respirometer chamber. Constant pressure was assured by injecting pure oxygen from a graduated syringe into the respirometer chamber. The amount of oxygen injected equalled the oxygen consumed. All values of V,, are given in STPD conditions. Immediately after an experiment, body temperature (TB) was measured using a thermocouple placed in the rectum. Measurements of oxygen consumption and body temperature were obtained after two hours exposure to the experimental (ambient) temperature (TA). The ambient temperature was varied betwen 155°C and 40°C by adjusting the temperature of the thermostat-controlled water-bath in which the manometric chambers were submerged. During periods of stabilization, the respirometer chamber was flushed with atmospheric air at a rate of 100 ml min-I.
In order to measure respiratory frequency during heat stress, chicks were heated bv annlvina a heat lamn (60 W) ---_ _ -.
I
at an appropriate distance (15-25 cm). Body temperature was measured with a thermocouple placed in the rectum. The placement of the heat lamp was adjusted to give a heating rate of 0.2-O.3"c min-I. The breathing rate was counted visually and the frequency calculated by counting the frequency during defined time periods using a stopwatch.
RESULTS AND DISCUSSION
The thermoneutral zone for the hatchling kittiwakes was very narrow and extended from 33°C to 35°C (Fig. 1) . The basal metabolic rate at thermoneutrality was 1.34 ml 0, g-l h-l (7.48 mW g-l) and the mean T, was 37.9"C. The measured metabolic rate was only 67% of the predicted rate for an adult non-passerine bird of similar size in the activity phase (or-phase), which is 11.09 mW g-l (Aschoff and Pohl 1970). In other species of gulls, BMRs of chicks range between 82% and 12 1% of the expected adult level (Dawson and Bennett 198 1). At T,s exceeding the thermoneutral zone both V,* and T, increased (Fig. 1) . In addition, the respiratory frequency also increased as T, exceeded the thermoneutral level ( Fig.   3.0 .O"C and 38.9"C, respectively. Below T, of 33°C e,, increased and at 22°C a maximum oxygen consumption was reached. Exposure to ambient temperatures below 22°C resulted in a reduced oxygen uptake (Fig. 1) . Based on the mean V,,, measured at 22°C (2.3 ml 0, g-' h-l) and at thermoneutrality (1.34 ml 0, g-l h-l) the thermogenic ratio becomes 1.72.
Maximum values of thermal conductance (h) occurred at ambient temperatures between 25.5"c and 30°C. The mean value of h was 0.247 ml 0, a-' h-l "C-l (1.38 mW g-OC-l). The conductance was ca&lated as eo,i(T. -TA) and was thus equal to the "wet" thermal conductance according to Aschoff (198 1). As the expected value oftherma1 conductance for an adult non-passerine bird in the a-phase is 0.97 mW g-l "c-l (Aschoff 1981), the value for the kittiwake chicks was 42% higher than that for a nonpasserine of the same size, i.e., the insulatoty value is only 70% of the expected adult insulation. For an interspecific comparison, Dawson and Bennett (198 1) expressed thermal conductance as mW g-o.46 "C-l, because h has been found to be mass-specific and to scale with the -0.54 power of body weight (Calder and King 1974). Expressed in this way, the thermal conductance of the kittiwake chicks becomes 9.16 mW g-046 "C-l. All other gull chicks for which this value has been calculated have thermal conductances in the range between 6.71 and 8.42 mW g-o.46 "c-' (Dawson and Bennett 198 1). Thus, the kittiwake chicks have the highest thermal conductance in relation to their weight found in newly hatched gulls.
Even though kittiwakes breed at high latitudes, the chicks hatch with a relatively poor thermoregulatory ability compared to other gull chicks. Their thermal conductance is higher and their basal metabolic rate is relatively low. In addition, the thermogenic ratio is within the range found in other species of gulls. Thus, kittiwake chicks must depend on parental care until endothermy is achieved at an age of six to eight days (Barrett 1978). The evolution of effective thermoregulatory ability in the newly hatched chicks has not been necessary for arctic-breeding gulls. (Table 1) . However, in late January 1983, 10,000 to 12,000 Herring Gulls roosted on SNI. These gulls were abundant through March and remained, in lesser numbers, through late April. Groups of several thousand birds roosted at four sites on SNI on rocky and sandy beaches and on rock ledges near the surf. These birds fed on live red crabs in the surf, or occasionally on those recently washed ashore. Small numbers of Ringbilled (Larus delawarensis), Heermann' s (L. heermannz) and California (L. californicus) gulls were also present in winter 1983 but were not more abundant than in previous years (Table 1) .
PELAGIC RED CRABS AS FOOD FOR GULLS
Western Gulls (L. occidentalis) breed at the western end of SNI in summer and roos! there during other seasons (Schreiber 1970). In winter and spring, they usually roost on rookery areas at night, leave just after sunrise, and return just before or shortly after sunset. Roosts are usually abandoned by all birds during the day except during stormy or very foggy weather, when most birds remain at roosts continuously. In winter, roosting adult Western Gulls are territorial at rookery areas and presumably occupy those territories that are later used for breeding. Small groups of adult and immature gulls also roost along the coastline near the west end of SNI in late afternoon and during stormy or foggy weather. In winter and early spring 1983, when red crabs were abundant, most gulls roosted on territories at rookery areas continuously, regardless of weather. Individuals apparently left occasionally, however, to feed on red crabs in the surf and on those washed up on nearby beaches; feces and regurgitated pellets were composed almost entirely of crab exoskeletons in winter and early spring, 1983.
We also observed large numbers of Herring Gulls (8,000 to 10,000) and Western Gulls (1,000 to 2,000) roosting on several beaches on the northwest coast of San Miguel Island (SMI; 34"02' N, 120"22' W) and feeding on red crabs in the surf in late February 1983. Although we have no data on absolute abundance of Herring Gulls at SMI in past years, these gulls were relatively uncommon in winter from 1979 to 1982 (Stewart, pers. observ.). Hunt et al.
